Repair of osteochondral defects created in rabbit femoral trochlea were studied using a water-soluble sulfated p-GlcNAc formulation, (Marine Polymer Technologies, Danvers, MA, USA). After 12 weeks of healing empty defects were compared to defects filled with sulfated p-GlcNAc sponge alone and sulfated p-GlcNAc sponge seeded with autologous chondrocytes. The chondrocyte seeded sponge provided the best healing of both cartilage and subchondral bone. The sulfated p-GlcNAc sponge alone did not provide as good healing as the chondrocyte seeded sponge, but healing was still superior to that of the empty defect. This study supports the use of p-GlcNAc sponge to augment healing of osteochondral defects in animal models.
Introduction
Polymers containing N-acetylglucosamine and glucosamine, such as chitosan, chitin, and hyaluronic acid, have recently become the subject of numerous investigations of cartilage tissue engineering and repair. [1, 2] Hyaluronic acid has been shown to inhibit fibronectinmediated chondrolysis as well as have inhibitory effects on proteoglycan release and degradation. [3] [4] [5] Chitosan is a low molecular weight polymer composed mainly of glucosamine sugar residues. It has been shown to support the expression of extracellular matrix proteins in human osteoblasts and chondrocytes and increase the density of chondrocytes in rat articular cartilage. [6, 7] There are also some indications in the literature that chitosans have the ability to enhance cartilage and bone healing, however additional studies are needed. [1, 8] Poly-N-acetyl glucosamine (p-GlcNAc) is a high molecular weight polysaccharide of beta-1,4 linked poly-N-acetyl glucosamine monomers isolated from nature as a fiber with a structure similar to hyaluronic acid. The addition of sulfate moieties makes the polymer water soluble. The hypothesis of this study was that a water soluble sulfated p-GlcNAc sponge could effectively be used as a cell carrier for in vivo cartilage and bone repair in animal models. To test this hypothesis, osteochondral defects were made in the trochlear groove of rabbit femurs and grafted with either sulfated p-GlcNAc sponge alone or p-GlcNAc sponge plus autologous chondrocytes. Empty defects were used as a control. Outcome at twelve weeks postoperatively was measured using gross and histological evaluations.
Materials and Methods
A total of eighteen New Zealand white rabbits (average body weight: 4.0±0.25 kg) were used in this study. In group C rabbits (N = 7), autogenous chondrocytes were harvested by removing the fibrocartilage of the caudal rim of the right scapula (35x10x1 mm) and isolated using enzymatic digestion techniques described by Grande et al. [9] The isolated chondrocytes were expanded in monolayer culture until confluence so a concentration of 2 x 10 6 cells/ml could be obtained.
A second surgery was performed on these same seven rabbits 10 -14 days later where the femoral intercondylar groove was reached through a 1.5 cm anterolateral arthrotomy. An osteochondral defect 4.25 mm diameter and 4 mm deep was created ( Figure 1) . A sulfated p-GlcNAc sponge seeded with the previously harvested and duplicated chondrocytes, at a concentration of 2 x 10 6 cells/implant, was inserted into the defect. A second group of rabbits, (Group B, N = 5), were treated with just the glucosamine sponge inserted into the defect (Figure 2 ). For the untreated group, (Group A, N = 6), the defect was left empty. Post operatively unrestricted weight-bearing was allowed.
After 12 weeks the animals were euthanized and the repaired sites were grossly evaluated and the distal femur was prepared for histological evaluation. Five micron thick decalcified sections were made and stained with H&E stain and safranin O and fast green stains. A modified O' Driscoll score system was used to evaluate the quality of cartilage repair. [10] A semi-quantitative method was used to estimate the filling of the defect by bone and expressed in percentage of the whole defect area. 
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Results
All animals survived for 12 weeks postoperatively and no severe complications were seen. They all gained weight during the observation period. At the necropsy, filling of cartilage defects can be seen. Histologically, the sulfated p-GlcNAc used as a defect filler alone or as a cell carrier significantly enhanced both cartilage repair and bone filling in this rabbit distal femoral osteochondral defect model, (Figure 3 ). The O' Driscoll scores of the groups of defect only, sulfated p-GlcNAc, and sulfated p-GlcNAc plus autogenous chondrocytes were 8.8±3.9 (mean±SD), 13.2±3.4, and 14.7±2.6, respectively. The percentage of bone defect filling of the groups of defect only, sulfated p-GlcNAc, and sulfated p-GlcNAc plus autogenous chondrocytes were 32±6% (mean ±SD), 41±10%, and 56±11%, respectively.
Discussion
The results of this study support the use of sulfated p-GlcNAc sponge, either alone or in conjunction with autologous chondrocytes to assist the healing of osteochondral defects. Histology showed higher glycosaminoglycan content and better incorporation with host cartilage in both groups implanted with the sulfated p-GlcNAc sponge.
Further studies are needed to confirm this finding using a large animal model and to evaluate how the newly formed cartilage compares with normal articular cartilage both morphologically and mechanically.
